We describe a persistent behavioral disorder associated with bilateral destruction of the head of the caudate nuclei. The findings in this case support a role for the caudate nuclei in behavioral functions and are interpreted in view of recent anatomical and physiological information on the connections of the caudate nuclei with the prefrontal cortex.
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Richfield EK, Twyman R, Berent S: Neurological syndrome following bilateral damage to the head of the caudate nuclei. Ann Neurol 22: [768] [769] [770] [771] 1987 The basal ganglia are known to be involved in motor functions based on anatomical, physiological, and pathological evidence [ 1-31. However, dysfunction of the basal ganglia has also produced changes in a variety of behavioral and cognitive functions in humans and animals including learning, language, personality, and social behavior [4-121. The role of the basal ganglia in cognitive functions and social behavior in humans is not well understood and is therefore more speculative. There are several reasons for this. It is difficult to interpret and transfer conclusions about animal data to humans. Animal studies do not allow testing of many human cognitive functions such as language or mathematical ability. Selective basal ganglia damage without conflicting or more extensive pathological involvement in humans is rare. Because animal studies have shown that bilateral lesions are required to produce cognitive abnormalities 1123, unilateral human lesions may fail to demonstrate any dysfunction. Finally, because cortical connections to the basal ganglia are widespread { 133, the cognitive and behavioral disturbances seen with basal ganglia dysfunction are likely to be complex and difficult to diagnose and classify. We report the behavioral and cognitive changes associated with the clinical occurrence of bilateral selective damage to the head of the caudate nuclei.
Case Report
The patient was a 25-year-old right-handed woman. Prior to the onset of her illness she had been a high school honor student, was employed full-time, had been living independently, and was engaged to be married. From February to March of 1983 she suffered from daily headaches with occasional nausea and vomiting. In April she disappeared for." days. When found, she had undergone a dramatic personalG7 change manifested by alterations in affect, motivation, cognition, and self-care. She was hospitalized for medical tests including computed tomographic (CT) scan of the head and cerebral angiography. The initial contrast CT revealed enhancement in the head of the caudate nuclei bilaterally without other abnormality (Fig A) . Cerebral angiography gave normal results. Therapy with phenytoin and carbamazepine was without benefit. She was unable to work or care for herself and displayed behavior inappropriate to her premorbid state. Her abnormal behaviors included vulgarity, impulsiveness, easy frustration, violent outbursts, hypersomnia, enuresis, indifference, wandering, increased appetite, polydipsia, hypersexuality, minor criminal behavior including shoplifting and exposing herself, and poor hygiene.
On physical examination at the University of Michigan 8 months later, she was inattentive and uninterested in her surroundings or the examiner but could be encouraged to concentrate for short periods of time. She would frequently lie down to sleep but was easily aroused. Her affect was flat. General physical examination was normal. Mental status testing included normal language, full orientation, digit span of seven numbers forward and four numbers backward. Memory testing during neurological examination revealed normal new learning at 5 and 15 minutes and intact recent and remote memory, except for details of her disappearance 8 months before. Similarities and differences were performed normally. She performed simple calculations adequately but was unable to do complex calculations. There was no rightleft disorientation. Her fund of knowledge was impaired for her level of education and premorbid status. The remainder of her neurological examination was normal.
Repeat contrast CT revealed bilateral hypodense areas in the region of the head of the caudate nuclei without other abnormality ( Fig B) . Other normal tests included electroencephalogram (EEG), evoked potentials, cerebrospinal fluid examination, serum chemistries, and tests for autoimmunity. Formal neuropsychological testing was performed during her University of Michigan hospitalization and 1 year later (Table) . The presence of cognitive impairment, especially in delayed recall on the Wechsler Memory Scale, together with the patient's historical productivity and measured achievement levels (Wide Range Achievement Test) suggest that the low average IQ revealed in the Table represents a decline from premorbid level of intellect. This conclusion is strengthened by the improvement evidenced in subsequent examination 1 year later. Improved performance was especially noted on tasks of new learning and recall but was also evident on the categories subtest of the Halstead Battery, a task of complex problem solving. Formal language testing, administered by a speech pathologist, demonstrated no disturbance in language, except for impairment in comprehension of complex ideational material.
One year after her evaluation at the University of Michi- gan, the patient had married and divorced, continued to be unemployed, and had little improvement in behavior. Two psychiatric hospitalizations and treatment with a variety of major tranquiliiers were not beneficial. There were some improvements in neuropsychological testing after one year (see Table) . The basis for the lesions seen on CT scan remains unknown. All three produce motor impairment and may produce behavioral and cognitive changes [2). For these reasons it is difficult to assign a specific functional role for the caudate nuclei in humans based on these clinical disorders alone. The present case is unique in that there is bilateral damage restricted to the head of the caudate nuclei in a young person without evidence of other neurological or psychiatric disease. Bifrontal cortical lesions not detected by two contrast CT scans and EEG remain a possibility. The head of the caudate is known to be part of several neuronal circuits connecting different regions of the frontal lobe with the thalamus and cerebral cortex [31. Two such circuits have been described, the "dorsolateral prefrontal" and "lateral orbitofrontal," in which the head of the caudate is a major nucleus in the circuit [13J Prefrontal cortical layers 2 through 6 all send projections to the caudate nuclei bilaterally [14, IS]. The projections from both supragranular and infragranular cortical layers to the caudate nuclei appear to be unique among all other known corticofugal pathways to subcortical structures, which normally arise only from infragranular layers. Because intrahemispheric and interhemispheric connections have been shown to occut normally from both supragranular and infragranular layers in the cat and monkey, the caudate nuclei may work functionally like an analog of the cerebral cortex.
An association between the prefrontal cortex and the caudate nuclei has long been recognized by behavioral neuroscientists. Specific behavioral and learning deficits can be produced by lesions in discrete areas of the prefrontal cortex [lb] . These deficits can be repro- This patient also failed to demonstrate any motor abnormalities that might be expected following damage to a portion of the basal ganglia El). Animals with bilateral lesions to the caudate nuclei also fail to demonstrate permanent motor abnormahties 17, 121. Recent positron emission tomography scan data correlating basal ganglia metabolism with clinical features in patients with Huntington's disease found that the caudate is less involved in motor abnormalities than is the putamen 121). Young and co-workers also found that a reduced caudate metabolism correlated with total functional capacity-a measure of ability to work, handle finances, self-care, and other measures of independence 121). Our patient showed similar deficits.
The caudate nuclei are a part of the basal ganglia that traditionally have been thought of as having primarily motor functions [l}. Recent animal and clinical studies suggest, however, that the caudate nuclei are criticb for "cognitive" functions. Analysis of this patient's deficits supports the notion that portions of the caudate nuclei are involved in processing information related to the prefrontal cortex and behavior. These deficits may be due to a corticocortical disconnection through the caudate nuclei. This disconnection may be responsible for some of the cognitive deficits seen in the "subcortical dementias" including Huntington's disease 122, 231.
This work was supported in part by the Tourette Syndrome Association (Bayside, NY). 1967;63: 184-190 1986;19:320-324 Case Report A 53-year-old right-handed man was referred for an EEG in the course of investigation of migraine. Midway through the EEG examination the technician spoke to the patient, who was able to carry on a normal conversation. The technician described the subsequent events: "When I entered the room to change to the last montage, the patient (who had acted perfectly normally until that time) suddenly said that he didn't know what he was doing there, or how he got there. H e remembered the year he was born, but couldn't say how old he was. He remembered what he'd had for breakfast, but couldn't remember whether he'd driven here or come to town with a friend." Examination by a neurologist demonstrated complete amnesia extending back to his arrival in the EEG laboratory. He was confused about how he arrived at the hospital. H e asked repeatedly whether he had been to work that morning. He was oriented to person, place, and time, but was able to remember only 1 of 4 objects after 5 minutes. Digit span was 7 forward and backward. His recall of events over the preceding 3 days was patchy. His remote memory was intact, as was his calculation ability. The remainder of the neurological and systemic examination was normal. Investigations including electrocardiogram and cranial computed tomographic scanning were normal. Over the next 24 hours the patient completely recovered.
The EEG immediately prior to the onset of the attack and during the initial hour of the attack was normal. Background activity consisted of 9.5 Hz alpha rhythm dominant over posterior head regions, which was suppressed with eye opening (Figure, left panel) . Hyperventilation resulted in generalized bursts of bilaterally synchronous slow waves with bifrontal predominance, which did not outlast the period of overbreathing. Immediately after the onset of TGA the background activity was unchanged, but superimposed were frequent eye blinks and some muscle artifact related to restlessness (see Figure, 
